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AMract : Paraldehyde is a trimer of acetaldehyde fonned from this under acid catalysis. It falls under the broad classification of the sedative 
hypnotics used as anti-convulsant in eplcpticus and tetanus. The work presents vibrational band analysis on the molecular structure of the compound 
paraldehyde through infrared and Raman spectral measurements. Nonnal coordinate analysis has been carried out with a new set of symmetry 
ctHirdmates to obtain the molecular force field of the system based on C^\ point group symmetry. Potential energy distribution evaluated for all the 
nonnal modes of vibration, confirm that the chosen set of vibrational frequencies contribute maximum to the potential energy associated with the 
nomial coordinates of the molecule.
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i. Introduction
Paraldehyde is a hypnotic drug belonging to the aldehyde 
group under the sedative hypnotic classification. Among 
aldehydes, acetaldehyde is the most common and is used 
a.s a trimer Le. paraldehyde. The presence of lone pair on 
electrons on the oxygen atom of the carbonyl group 
imparts to aldehydes several characteristic features which 
arc not found in other compounds. Though spectral 
investigation on aldehydes has been carried out by many, 
not much work is done on paraldehyde as such [1-5].
I The present work is to make use of infrared and Raman 
spectroscopic methods in the structural elucidation of 
i paraldehyde. A new set of symmetry coordinates have 
i t>een constructed on the basis of symmetry and a 
normal coordinate analysis has been carried out.
Experimental details
The Fourier transform infrared (FTIR) spectrum of the 
sample paraldehyde is reported in the region 4000-400 
 ^ The spectrum was recorded on a BRUKER IFS
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66V spectrophotometer with a resolution of 0.5 cm“^ All 
the sharp bands of the spectrum have an accuracy of 
±1 cm~‘. The sample in the form of liquid is housed in 
a purgeable chamber whose windows are composed of 
KBr. The laser Raman spectrum of the same sample was 
recorded on a DILOR Z 24 spectrophotometer using 
argon ion laser source. The monochromator consists of 3 
holographic gratings having 1800 lines to a millimeter. 
The spectra are presented in Figures 1 and 2.
Figure 1. FTIR spectrum of paraldehyde (4000-500 cm"*).
© 2004 lACS
486 S Gunasekaran and Leela Abraham
3000 10002000
wavenumber (crn~')
Figure 2, Laser Raman spectrum of paraldehyde (3500-250 cm *)
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3. Vibrational analysis
Paraldehyde has 30 nK^es of vibration and are distributed 
as /^ib =  7i4i -f 3A2 +  10£'. A\ and E  are both infrared 
and Raman active while Ai mode is inactive under the 
C3v point group selection rules. The assignment to various 
fundamental modes are in agreement with the literature 
values.
The structure, orientation of the principal axes and the 
nomenclature of the parameters of the paraldehyde 
molecule is shown in Figure 3. Changes in the interaction 
distances, the interbond angles and the angular parameters 
associated with the in>plane vibrations, have been 
considered for the internal coordinates of the molecule.
Figure 3, The structure and the nomenclature of the parameters of the 
paraldehyde molecule.
Symmetry coordinates have been arrived at with the 
knowledge of projection operators and the character tabic 
pertaining to the Cj, point group symmetry. The symmetry 
coordianates thus obtained, are as follows.
AI species :
51 = l /6 '^ (d r i + Atz + di-3 + At4 + + Ar^),
52 — + AR2 +
J3 = l/6 '^(ARi + 2AR2 + ARi),
S4 =  l/V 'H ATi + ATi +  AT2), 
ss = l/b^HATi -  2AT2 + ATi),
S6 =  l /6 ‘^ (/lflri +  Aai2 + Aa^ -  Api -  Afii -  Afis), 
S2 =  HV^{AY\ +  A y2 + AYs).
E species :
■vga = l/12‘'^(-2.dri + At2 + At3 -  2At4 + Ats + Ar,,), 
Sib = l/2(Ar2 -  At3 + Ats -  Acb),
Sfia =  1 /12 '^ (-/Jr i +  2 At2 -  At3 -  At4 +  2Ar<i -  Art,),
s% = l/2(/lri - At3 -  At4 -  Arb),
sjoa = l/l2''^(-2Ari -  Ar2 + Arj + 2At4 + Arj -  Ar/,),
siob = l/2(Ar2 + Arj -  Ar^ -  Acb),
■*lla =  l/12*'^(d/'i +  2 A t2 +  ATj — AT4 — Ats -  Ati).
Jilt = l/2 (-d ri + Ary + zlr, -  drj), 
si2a = + 2ARz -  2ARj),
si2b = l/2 ‘«(dR, -  AR2),
Si3a = l/6 '« (^ r , -  ATz -  ATy),
Sl3b = l/2 ‘« ( - jr 2  + ATy),
Ji4a =  y i2 ''^ (~ A a t + 2Act2 +  Ao^ -  Afil +  Afil + 4^)- 
Jl4i =  \I2{A02 -  AOy ^ Apy),
Jl5a = l/12 '« (-24ai -  2A(X2 + /iQb + 2401 + 4<% -
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= l/2(zlc% + AUi -  A f i i -
iW = -  2AYi + dn),
= \n}%-dYx + ^n)>
5,7, = l/6 '«(-24yi -dyi -  An).
5,7s = l/2 '« ( - J n  -  An).
From the data available in literature, it is found that 
the intensities of the carbonyl bands of aldehydes vary 
vvith structural features. In alcoholic solution, there is a 
distinct fall in the intensity o f aldehyde carbonyl 
absorptions. Ashdown and Klctz [6] have reported the 
number of such cases and the range of frequencies 
1020-1110 c n r ' to be associated with the C -O  linkage. 
In the present case, the frequencies 1022, 1095, 1155, 
1275 and 1317 c n r ' are assigned to C -O  stretching 
vibrations, while the same are identified at 1035, 1130, 
1189 and 1200 cm"' in the Raman spectrum. C-H 
stretching vibrations are highly characteristic and aldehydes 
show absorption in this region from the valence vibration 
of the hydrogen atom attached to the carbonyl group. 
This is found in the region 2900-2700 cm"' [7]. Many 
aldehydes exhibit two bands in this region one at 2720 
cm ' and the other at 2820 cm"', the doubling being due 
to a Fermi resonance between 1)ch and the first overtone 
of the C-H deformation [8,9]. In the present work, the 
bands at 2851, 2921 and 3000 cm"' are assigned to C-H 
stretching vibrations. The bending modes normally mainfest 
at much lower frequencies than the stretching mode. In 
the IR spectra of paraldehyde, bending modes of CCH 
deform ations are observed at 1317 and 1340 and 1375 
cm '. Bands of very weak intensity observed at 543, 599 
and 669 cm"' have been identified as due to C -O -C /0 -  
C-0 bending vibrations [10]. In the Raman spectrum, 
these vibrations are found at 550 cm"' and at 655 cm"' 
as a strong and weak band respectively. C-CH 3 vibrations 
have been identified in the broad region 949-1164 cm"'. 
Accordingly bands at 1075, 1095 and 1240 cm"' are 
assigned to C-CH3 vibrations.
The method o f kinetic constants has been used to 
solve the secular equation [11-13]. Frequency assignment 
has been verified by evaluating the potential energy 
distribution (FED) using the relation FED = 
where FED is the contribution o f the i-th symmetry 
coordinate to the potential energy o f vibration whose 
ffcquency is Vk, Fjk is the force constant, Ljk is the L
matrix element and ^
4. Conclusion
A detailed vibrational band assignment has been carried 
out for the paraldehyde molecule. The FED evaluated 
serves as a check as to whether tha normal modes of 
vibration contribute maximum to the potential energy 
distribtttion. The initial set of force constants have been 
taken |rom literature on related compounds [14,15]. The 
final of constants has been arrived at by a refinement 
proces*
J
The vibrational band assignments together with the 
FED calculated are presented in Table 1. The initial and
Ihble 1. ^ u rier U i^nsfomi infrared and laser Raman frequencies and potential 
energy dkctnbution of paraldehyde.
Frequency (cm-*) Description PED%
IR Raman
1022 (vs) 1025 Vi C”0  symmetric stretching 98
1075 (vs) 1050 V2 C-CH3 symmetric stretching 99
1095 (m) 1118 C -O I3 asymmetric stretching 95
2851 (vw) 2859 (w) V4 C “H symmetric stretching 38
2921(w) 2946 (w) Vi C-II asymmeirtc stretching 37
543 (vw) 550 (s) V(, C -0“C/0-C~0 bending 62
1317 (vw) Vi CCH bending 35
1095 (m) 1130 Vn, C-O asymmetric stretching 48
1155 (w) 1189 t>9 C-O asymmetric stretching 84
1275(vw) 1200 i>io C-O asymmetric stretching 70
1317 (vw) Vu C-O asymmetric stretching 82
1240 (vw) V\2 C-OH3 asymmetric stretching 96
3(K)0 (vw) I>i3 C“H asymmetric stretching 32
599 (vw) Vu C-O-C/OC-O bending 54
669 (vw) 655 C—O—C/O—C—0  bending 65
1340 (vw) t»i6 CCH bending 43
1375 (vw) 1379 (w) Vn CCH bending 38
vs-very strong s-sirong m-medium w-weak vw-very weak
final set of force constants are presented in Table 2. 
The frequency assignment for C -O  stretching vibrations 
in the range of 1020-1317 cm"' is justified by the 
significant contribution of this mode to the potential 
energy distribution with the force constant of this mode 
agreeing with the literature values. The symmetric and 
asymmetric C-CH3 vibrations assigned to the bands at 
1075, 1095 and 1240 cm"' in the infrared spectra, 
correspond to force constant with a contribution of over
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to the PED of these mode. C-O-C/O-C-0 bending 
vibrations contribute moderately to the PED of this mode
with the force contant of this mode being in the range of 
0.7-0.8 N/M. Thus, a normal coordinate analysis has 
been carried out successfully on the paraldehyde molecule 
with Cyv point group symmetry.
llib le  2. Inital and final set of force constant values for paraldehyde (10^ 
N/m).
Symmetry
coordiantes
Parameter Initial Final
Si pii 5,0523 5.0489
St Fit 4.7259 4.7286
Si Fss 4.8635 4.8659
s, Fu .5.5316 5.5382
Ss Fss 5.8103 5.815
Si Fa 0.7432 0.7456
Si Fv 1.0123 1.0169
St Fa 5.5321 5.5362
Si Fa 5.6925 5.6946
S\o Fits 10 5.5526 5.5546
Sii Fii II 5.6072 5.6049
Sit Fit ij 4.7325 4.7356
Sli F u n 5.2791 5.2813
Sl4 F iiu 0.7989 0.8136
Sis Fisis 0.7526 0.7583
Sii Fit It 1.1301 1.1325
Sii Fn 17 1.0893 1.1135
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